Two major types of aggression, proactive and reactive, are associated with contrasting expression, eliciting factors, neural pathways, development, and function. The distinction is useful for understanding the nature and evolution of human aggression. Compared with many primates, humans have a high propensity for proactive aggression, a trait shared with chimpanzees but not bonobos. By contrast, humans have a low propensity for reactive aggression compared with chimpanzees, and in this respect humans are more bonobo-like. The bimodal classification of human aggression helps solve two important puzzles. First, a long-standing debate about the significance of aggression in human nature is misconceived, because both positions are partly correct. The Hobbes-Huxley position rightly recognizes the high potential for proactive violence, while the Rousseau-Kropotkin position correctly notes the low frequency of reactive aggression. Second, the occurrence of two major types of human aggression solves the execution paradox, concerned with the hypothesized effects of capital punishment on self-domestication in the Pleistocene. The puzzle is that the propensity for aggressive behavior was supposedly reduced as a result of being selected against by capital punishment, but capital punishment is itself an aggressive behavior. Since the aggression used by executioners is proactive, the execution paradox is solved to the extent that the aggressive behavior of which victims were accused was frequently reactive, as has been reported. Both types of killing are important in humans, although proactive killing appears to be typically more frequent in war. The biology of proactive aggression is less well known and merits increased attention.
to be either low (as per Rousseau-Kropotkin) or high (as per Hobbes-Huxley). However, researchers in sciences other than evolutionary anthropology have long claimed that aggression falls into two types, here called proactive and reactive (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . The classification of aggression as bimodal is well supported by psychological and biological data. It solves the traditional debate by seeing the human species as having a low propensity for reactive aggression and a high propensity for proactive aggression.
The distinction between the two types is centered on the aims of aggression. Proactive aggression involves a purposeful planned attack with an external or internal reward as a goal. It is characterized by attention to a consistent target, and often by a lack of emotional arousal. Aggressors normally initiate action only when they perceive that they are likely to achieve their goals at an appropriately low cost (19, 23, 27, 28) . Examples include bullying, stalking, ambushes, and premeditated homicides, whether by a single killer or a group.
By contrast, reactive aggression is a response to a threat or frustrating event, with the goal being only to remove the provoking stimulus. It is always associated with anger, as well as with a sudden increase in sympathetic activation, a failure of cortical regulation, and an easy switching among targets (20, 24, 29) . Examples are bar fights arising from mutual insults and crimes of passion immediately after the discovery of infidelity. Note that the term "reactive aggression" refers to the nature of the aggressive act rather than the reason for acting aggressively. According to this definition acts of revenge are not necessarily reactive and in fact are unlikely to be so, given that revenge typically involves planning.
The two types are sometimes easy to distinguish. For example, when two animals compete with steadily escalating intensity, as frequently occurs in fights over food or mates, aggression is typically reactive without any proactive elements. In most species proactive aggression is rarer than reactive aggression but a common form in some primate taxa is sexually selected infanticide, which can be carried out by a male targeting, stalking, and deliberately killing a specific unrelated infant (30, 31) . Human aggression likewise varies from purely reactive cases with unplanned fighting rich in emotional arousal to purely proactive, premeditated, and deliberate efforts to harm a particular victim.
Versions of the proactive-reactive distinction have long been discussed in relation to potential explanations for aggression. Proactive (instrumental) aggression was argued by Bandura (32) to be a learned behavior acquired during development in response to rewards. Reactive aggression, by contrast, was viewed by Berkowitz (33) as an innate response to frustration.
The terms "proactive agression" and "reactive aggression" were proposed to unify concepts of aggression types in children, adults, and animals (27) and have been used widely (17, 28, (34) (35) (36) . Several parallel dichotomies are also employed (35) . Proactive aggression is similar to what some researchers call instrumental, predatory, offensive, controlled, or cold aggression. Likewise, reactive aggression is similar to impulsive, affective, hostile, defensive, emotional, or hot aggression. The terms "predatory" and "affective" (or "defensive") are more common in psychiatry and animal behavior, while "premeditated" and "impulsive" are typical in legal systems (37) .
The various dichotomies are not identical. For instance, the proactive-reactive distinction applies more to individual traits, whereas the premeditated-impulsive distinction tends to reflect the aggressive act itself. This means that although such classifications are often used interchangeably they should not be treated as if they are fully equivalent to each other (23, 38) . Furthermore, a more elaborate categorization is sometimes employed (35) . For example, the National Institute of Mental Health (NIMH) Research Domain Criteria are designed to promote research on the mechanisms underlying psychopathology. The NIMH Research Domain Criteria categorize three types of aggression, namely, frustrative nonreward, defensive aggression, and offensive (or proactive) aggression (39) . In this case the first two types are both reactive. While more discriminating classifications such as used by NIMH can be useful they do not undermine the value of the bimodal distinction.
The bimodal concept was questioned by Bushman and Anderson (40) because both in nonhumans and humans episodes of aggression vary in how completely the proactive and reactive types are separated. Sometimes an individual can express proactive and reactive aggression in the same act, such as when a premeditated act is met with an effective defense and the initiator is forced into a reactive fight. The two types can also be hard to separate when an individual frustrated by a conflict becomes angry (reactively) and later coolly plots revenge (proactively). However, although proactive and reactive elements can indeed be combined, much evidence finds that the neural systems mediating reactive and proactive aggression are different (41, 42) . Furthermore, aggression results primarily from one or the other motivation (43) , and within individuals either proactive or reactive aggression tends to be the predominant form (23, 38) . In practice researchers and clinicians find the bimodal concept of aggression useful whether applied to children (19, 27, 28) , adolescents (44) , or adults (36), including both normal individuals and psychopaths (43, 45) . It helps with understanding the dynamics of various antisocial offenses including bullying (44, 46) , domestic violence (22) , criminality (36) , homicides (29) , and mass murder (47, 48) . The value of the dichotomy comes partly from its predictive power. For instance, proactive aggressors are more likely to be recidivists (49, 50) , are less likely to respond to pharmacological interventions (19, 51) , are more often diagnosed with psychopathy (52) , and are less likely to experience a decline in aggressiveness during adulthood (53, 54) .
The proactive-reactive distinction contributes to evolutionary theory because it raises the possibility that selection has influenced the two types of aggression independently. To justify its evolutionary significance I first review its biological basis. I then compare the expression of proactive and reactive aggression in humans with other species and argue that the Rousseau-Kropotkin and Hobbes-Huxley positions are, in different ways, each importantly correct. Finally, I consider how the bimodal model can help explain the evolution of contrasting propensities for proactive and reactive aggression in Homo sapiens.
Proactive vs. Reactive Aggression
The bimodal classification of aggression based on behavioral criteria suggests that the two types are supported by different physiological mechanisms. For ethical reasons most of the work on this problem has been carried out with nonhuman animals.
Neural studies of aggression began during the mid-20th century. Cats whose hypothalamus was stimulated in different locations were found to produce different behaviors. Electrodes placed in the lateral hypothalamus elicited a "quiet biting attack," whereas those placed more medially led to "affective defensive behavior" (55) . The distinction led to a detailed understanding of underlying neural pathways (56, 57) . Since quiet biting attacks by cats were feeding behaviors directed in these experiments toward laboratory rats, the two behaviors were not initially regarded as challenging a unimodal concept of aggression (19) . In studies of rodents a similar conceptual separation was at first assumed between feeding attacks and intermale aggression (58) .
However, in 2010 Tulogdi et al. (59) showed that feeding attacks on prey were innervated in similar ways to proactive aggression on conspecifics. They used male laboratory rats to compare feeding attacks (on mice and cockroaches) with proactive aggression toward other males. Proactive aggression was characterized by low physiological arousal, a lack of social communication, and targeting of vulnerable body parts. By contrast, reactive aggression was associated with high physiological arousal and communication of intent including threats. The two types of rat aggression thus conformed to the human distinction.
A key finding was that feeding attacks and within-species aggression were not only ethologically similar but were also controlled by overlapping neural mechanisms, distinct from those supporting reactive aggression (59, 60) . In rats, as in other mammals, aggression is importantly modulated by a neural circuit that links the amygdala, hypothalamus, and periaqueductal gray (61). Tulogdi et al. (59) found that both feeding attacks and proactive aggression were associated with innervation of the central and basolateral amygdala, the lateral hypothalamus, and the ventrolateral periaqueductal gray. By contrast, reactive aggression among rats was associated with the medial amygdala, the mediobasal hypothalamus, and the dorsal periaqueductal gray (59, 60, 62) . These differences in rat innervation between proactive and reactive aggression were the same as those found in cats between quiet biting attacks and affective defensive behavior. In male mice selected for aggressiveness the same essential differences in neurobiology were found between more proactive or reactive forms of attack (63 The results of Tulogdi et al. (59, 60) indicate the existence of two different pathways in a key neural circuit underlying aggression. They thereby conform to much other evidence of differential innervation for the two types of aggression in humans. Although the neural basis of human proactive aggression is not well understood, the critical result is that it is different from reactive aggression (42, 64) . Thus, according to the well-supported serotonindeficiency hypothesis, reactive aggression is suppressed by high concentrations of brain serotonin. Disruption of serotonergic projections to the prefrontal or anterior cingulate cortex accordingly enhances reactive aggression, whereas serotonin selective reuptake inhibitors and other agents that elevate serotonin levels can contribute to control of reactive aggression in both humans and nonhuman models (18, (65) (66) (67) . Proactive aggression, by contrast, is unaffected by such interventions. In line with the implications of the serotonin-deficiency hypothesis, deficits in frontocortical function arising from lesions, low blood flow, or reduced glucose metabolism are associated with elevated reactive aggression (43) . For example Raine et al. (29) used PET scans to show that in men accused of murder reduced prefrontal control was associated with homicides for which aggression was reportedly reactive. Prefrontal function in predatory (proactive) killers, however, was unexceptional. Recent experiments also suggest that testosterone facilitates reactive aggression by reducing prefrontal activity (68) . A different kind of evidence comes from tumors. Tumors in the human mediobasal hypothalamus have been observed to promote reactive, but not proactive, aggression (21) .
Differences in innervation between the two types of aggression are also supported by reactive aggression's being generally more sensitive to therapeutic interventions and neuroanatomical changes (19, 21) . Thus, lithium carbonate given to prison inmates reduced impulsive aggressive acts to low levels but did not affect proactive aggression (67) . Similar results come from use of phenytoin (69) . Pharmacological impacts on androgen levels could in theory also impact reactive aggression, because testosterone concentrations respond to competition in ways that appear to increase an individual's potential to react aggressively (17) .
Less is known about the brain circuitry underlying proactive aggression in humans but, as with reactive aggression, multiple mechanisms are engaged (70) . One model, the integrated emotion system (IES), explains how it might develop during ontogeny (71, 72) . The IES suggests a role for hypoactivity in the amygdala, leading to low responsiveness to emotionally salient stimuli such as others' fear expressions (as seen in psychopathy) (41, 73) . Glucocorticoid deficiency has also been found to shift aggression toward being more proactive (59) . Cortical activity is likewise important. Proactive aggression, but not reactive aggression, was reduced in men by the induction of neural activity in the right frontal hemisphere (using transcranial direct current stimulation) (42) .
Tendencies for both proactive and reactive aggression are strongly influenced by developmental experience (74) . Nevertheless, studies of twins up to puberty, using questionnaire ratings by parents or teachers, indicate that propensities for proactive and reactive aggression tend to be stable over time and are mediated by partly different genes (54, 75) . In a recent example with 254 monozygotic and 413 dizygotic pairs of twins, variation between children in aggressiveness ratings by teachers was unrelated to the extent of shared environment. Genetic factors that overlapped between proactive and reactive aggression accounted for 39-45% of the variance in proactive aggression scores and for 27-42% of the variance in reactive aggression scores. Aggression scores were also associated with unique genetic factors, stronger for reactive than proactive aggression (37) .
Evidence thus indicates that proactive and reactive aggression are innervated, hormonally influenced, and genetically supported in partly different ways, whereas proactive aggression and feeding attacks on prey share overlapping neural mechanisms. Limited breeding experiments reinforce those conclusions. Mice selected for a proactive type of increased intermale aggression also increased their propensity to attack prey (crickets) (58) . Predatory aggression by rats (toward mice) showed no reduction in a line selected for reduced reactive aggression (76) .
In sum, the bimodal concept of aggression is based on differences in behavior found in multiple contexts, parallel neurobiological differences between proactive and reactive aggression in rats, mice, and cats, and much evidence for differences in the innervation of proactive vs. reactive aggression in humans. A plausible inference, therefore, is that the mechanisms underlying proactive aggression are evolutionarily conservative, as they are with reactive aggression, such that in humans proactive aggression is innervated in a similar manner to rats and (with respect to feeding attacks) cats. In other words, human proactive aggression will be found to engage the lateral hypothalamus, the ventrolateral periaqueductal gray, and the central and basolateral amygdala (60) . While that hypothesis remains speculative, it is already clear that different pathways underlie proactive aggression compared with those that underlie reactive aggression. This means that we can reject unimodal hypotheses that would envisage proactive aggression as merely combining a single category of aggression with enhanced prefrontal control.
Resolving the Rousseau-Kropotkin vs. Hobbes-Huxley Debate
Recognition of proactive and reactive aggression as separate biological categories raises the possibility that the two types could have followed separate evolutionary trajectories. Comparison of aggressive patterns in humans with those of our closest relatives, chimpanzees (P. troglodytes) and bonobos (Pan paniscus), indicates that this has indeed happened, because the three species show varying combinations of proactive and reactive aggression. Nomadic hunter-gatherers provide relevant reference points for evolutionary comparison of human behavior with apes (77, 78) .
Chimpanzees express proactive aggression when coalitions of males travel to the border areas of their community territories without feeding and make surprise attacks on members of neighboring social communities (13) . The frequency of this behavior varies depending on factors such as the number of males in the community and the population density, but overall it results in significant death rates, higher than those reported in intergroup aggression among any other nonhuman primates, in most of which such behavior is unknown (79) . Humans are the only other primate species in which similarly high (or higher) rates of death have been recorded in intergroup aggression (80) . Notably, in huntergatherers, hostile intergroup encounters are principally planned raids and ambushes rather than escalated battles. Lethal violence in those societies is therefore frequently a result of proactive aggression (81) (82) (83) (84) . By contrast, in bonobos (P. paniscus) no proactive aggression leading to intergroup killings has been observed, despite ample opportunity to make relevant observations, and no other evidence of proactive aggression toward conspecifics has been reported (13) . Unlike in chimpanzees, there are no reports of violent infanticide in bonobos (13) . Proactive aggression toward conspecifics is accordingly much more common in chimpanzees and humans than in bonobos, where it is infrequent or absent.
Reactive aggression presents a different distribution. In this case chimpanzees and bonobos both show more aggression than humans. In chimpanzees reactive aggression is routinely expressed in dyadic fights prompted by spontaneous competition over mates, food, or dominance status (85, 86) . Rates of contact fighting and/or chasing within two wild social communities have been found to be similar to those in captivity, in every context averaging around one to three cases per 100 h of individual observation of both sexes (80) . In bonobos the severity of aggression is greatly reduced compared with chimpanzees (87) . However, the species difference in frequency of aggression, as opposed to its severity, is less pronounced. A long-term field study found that wild male bonobos were aggressive at about half the rate of male chimpanzees, while female bonobos were aggressive at higher rates than female chimpanzees (88) .
In comparison with both chimpanzees and bonobos, frequencies of fighting in small-scale human societies are very low (89) . For example, Hill and Hurtado (90) reported that in 17 y of working with the Aché foragers of Paraguay they never observed a scuffle. At the opposite extreme, a study of Australian aborigines in difficult circumstances (due to poverty and alcohol) revealed an unusually high rate of physical aggression (91) . However, compared with Pan even this supposedly high rate was trivial. The frequency of attack among the Australians was estimated as 0.005-0.006 per 100 h, that is, two to three orders of magnitude less than in chimpanzees and bonobos (80) . This rare example of quantitative data on rates of human fighting conforms to the conclusions of ethnographers who uniformly stress the peaceful tenor of daily life within small-scale societies (9, (92) (93) (94) .
Even violence between the sexes, which occurs often in humans, suggests humans are relatively low on the scale of reactive aggression. Unfortunately, it is uncertain how much of intersexual violence is proactive or reactive. However, if human intersexual aggression were all reactive, which is clearly an exaggeration (95), it would still be less frequent than in chimpanzees. Thus, a survey of 79 countries and two territories found that the lifetime prevalence of intimate partner violence among ever-partnered women was 30% (96) . In a similarly global study 7.2% of women had experienced sexual violence by men other than partners (97) . By contrast, in chimpanzees the lifetime prevalence of males physically beating and sexually coercing females is 100% given that every adult female is regularly attacked by every young male as he moves into the adult hierarchy, and his attacks on females continue routinely throughout his life partly in the context of sexual intimidation (86, 98) . In bonobos females initiate and win more conflicts than males, who are mostly subordinate to females and do not regularly attack them (87, 99, 100) .
Humans thus have a low frequency of within-group fighting compared with chimpanzees, and in the generally peaceful quality of daily life humans are more similar to bonobos. Accordingly, the two Pan species provide reference points for scaling human propensities for aggression. Humans share with chimpanzees a higher propensity for proactive aggression than is found in bonobos. However, humans share with bonobos a lower propensity for severe reactive aggression than is found in chimpanzees. The distribution of these patterns means that during the evolution of Pan and Homo from a common ancestor ∼6-10 million y ago (101) propensities for both proactive and reactive aggression changed.
The polarity of the changes is a matter of debate because the phenotype of the last common ancestor is uncertain. If chimpanzees provide a valid model of the last common ancestor (102, 103) , there was a minimum of two changes: Reactive aggression declined in humans while proactive aggression declined in bonobos. If the three relatives descended from a species unlike any living species (104) other kinds of change are possible. However, regardless of the evolutionary route, compared with Pan species humans fall into the "high" category for proactive aggression and into the "low" category for frequency of reactive aggression.
This asymmetric combination offers a resolution of the debate between Rousseau-Kropotkin and Hobbes-Huxley. First, humans' relatively low propensity for reactive aggression fits the RousseauKropotkin view. In accord with Rousseau-Kropotkin, human emotional reactivity is clearly strongly influenced by biology. For example an increased risk for reactive aggression (such as in patients with Intermittent Explosive Disorder) is associated with elevated amygdala responsiveness and/or decreased prefrontal cortex activity (19, 41) . Compared with our closest relatives such mechanisms are clearly set at a relatively unresponsive level in humans. Thus, although humans show cultural varation in the frequency of reactive aggression (105) , the rate of fighting is always lower than among chimpanzees and bonobos. Furthermore fossil evidence from human crania during the last 200,000 y shows a reduction in anatomical features associated with aggression (106) . These points suggest that the unusually low human propensity for reactive aggression results at least partly from an evolved down-regulation that occurred in the second half of the Pleistocene.
By contrast humans' high propensity for proactive aggression does not fit Rousseau-Kropotkin, but it does fit Hobbes-Huxley. Assessing the role of biology in proactive aggression is complicated by the fact that extensive societal variation occurs in the frequency of premeditated violence (such as war). Such variation could in theory be due entirely to cultural influences, but it is also predicted by a biological perspective, given that proactive aggression is expected to be expressed only when it is likely to be successful (107) . Biological influences on humans' high propensity for proactive aggression are indicated by the contrasts to reactive aggression, including the almost complete suppression of sympathetic arousal and any awareness of emotion, and similarities to nonhumans. Psychopathy is a risk factor for proactive aggression, indicating that selection could adjust the frequency of proactive aggression by favoring more psychopathy (19) .
Thus, the bimodal concept of aggression suggests that humans have evolved to combine a low propensity for reactive aggression with a high propensity for proactive aggression. Rousseau-Kropotkin and Hobbes-Huxley were accordingly each right in complementary ways.
Evolution of Proactive and Reactive Aggression in H. sapiens
What adaptive reasons might explain why humans combine a high propensity for proactive aggression with a low propensity for reactive aggression? There are various possibilities. Consider proactive aggression first.
Behavioral similarities between small-scale war and chimpanzee intergroup attacks suggest that proactive aggression toward members of other groups was favored in a similar way in the two species. In chimpanzees, as in many animals, community members win conflicts against neighboring communities by fighting cooperatively and have higher fitness if their community territory increases in size (108) . An unusual feature of chimpanzees is a highly dynamic fission-fusion grouping pattern, which means that subgroup size varies unpredictably from day to day or hour to hour. The result is that larger subgroups can sometimes locate much smaller subgroups of rivals in neighboring territories. Those in the larger subgroup can then have an overwhelming imbalance of power in their favor, such that they can attack, wound, and/or kill without suffering serious costs (13) . Since there are long-term benefits from killing members of neighboring groups, natural selection has putatively favored this style of proactive aggression (13, (108) (109) (110) . Essentially the same explanation applies to chimpanzees and hunter-gatherers, except that humans have cultural systems of reward and coercion that promote more risk taking (82, 111, 112) . As a result, compared with chimpanzees, during intergroup aggression human attackers are more likely to be wounded or die (82) .
An alternative explanation for proactive aggression in intergroup attacks suggests that group selection favors risk-prone altruism if it increases the probability of a group winning conflicts with its neighbors (113, 114) . In favor of the hypothesis, rates of war mortality and genetic differentiation among hunter-gatherer groups have been estimated to be sufficiently high for group selection to favor costly intergroup aggression (114) . Against it, levels of intergroup migration among chimpanzees are too high to allow group selection to operate (111), yet estimated rates of war mortality and degree of genetic differentiation among groups are similar between chimpanzees and hunter-gatherers, indicating a problem with the group selection model (115) .
Proactive aggression occurs within groups also, both in humans and chimpanzees. Examples include capital punishment (discussed below) and homicide in humans and coalitionary aggression and infanticide in chimpanzees (116) . Whether selection first favored a propensity for proactive aggression in within-group or between-group contexts is unknown.
Humans' low propensity for reactive aggression requires entirely different kinds of explanation. Reduced reactive aggressiveness is closely tied to high tolerance and extensive cooperation. Explanations for reduced aggressiveness are therefore allied to ideas for the evolution of within-group tolerance, such as individual selection for cooperative breeding (9, 117, 118) , group selection for parochial altruism (114, 119) , and cultural group selection for prosocial norms (120) . Reduction in (reactive) aggression has also been proposed to decline in response to socioecological influences such as high population density (106, 121, 122) , sedentariness (122) , and social preferences for cooperators (123) (124) (125) . However, all these proposals suffer from their inability to explain how human societies would prevent a determined individual from winning conflicts by the use of force. So long as a bully could predictably win conflicts his aggressive behavior would be favored by selection.
In the case of bonobos, a reduction in the propensity for male reactive aggression compared with chimpanzees is proposed to have resulted from an ecology that permitted the evolution of relatively stable female subgroups. These led to strong female coalitions that were able to control aggressive males (87) . There is no indication of any equivalent dynamic in humans.
The explanation that most explicitly addresses why domineering human males with high individual fighting ability would not have achieved high reproductive success is the theory of coordinated punishment by other males (78, 119, (126) (127) (128) (129) (130) (131) . In nonhuman primates high male rank comes from the ability to win fights, and the highest-ranking males tend to have high fitness (132, 133) . By contrast, in nomadic hunter-gatherers the closest equivalent to high male rank in nonhuman primates is high respect coming from prestige, alliance formation, and negotiation ability. The problem for individual hunter-gatherers who attempt to use fighting prowess to achieve their goals is that they are vulnerable to the actions of male coalitions who can jointly intimidate, expel, or kill the offending individual (77, 78, 127, 131, 134) . The occurrence of coordinated aggression against domineering males, including socially approved execution, is apparently responsible for relationships among married men being egalitarian. This system of control, called a "reverse dominance hierarchy" (131) or a "counterdominance hierarchy" (134) , is universal in nomadic hunter-gatherers including the gerontocratic and polygynous societies of northern Australia (131, 135) .
The potency of sociopolitical leveling mechanisms in huntergatherers inspired Boehm's proposal that social control was responsible for the evolutionary reduction of aggression (127) . According to Boehm's "execution hypothesis," communally approved killings of group members emerged in the Pleistocene as a cultural adaptation for suppressing domineering bullies and norm violators (120, 127) . Killings were facilitated by the evolution of shared intentionality (136) , and possibly by weapons (137) . The evolution of a reduced propensity for reactive aggressiveness followed as an incidental genetic consequence.
In support of the execution hypothesis, traditionally capital punishment appears to have been a cultural universal (138) , which suggests that it was adopted before the dispersal of H. sapiens from Africa at ∼60,000 y ago (127) ; in nomadic hunter-gatherers antisocial males with a history of selfish aggression form a high proportion of the victims of capital punishment (127) , and evidence of increasing craniofacial feminization in H. sapiens from at least 200,000 y ago onward parallels morphological changes in dogs resulting from selection against reactive aggression (106) .
Theoretical models support the evolutionary validity of coordinated punishment as a mechanism for promoting cooperation (139) , suggesting that the death penalty could have been readily adopted as a social tactic after human ancestors had acquired sufficient cognitive and linguistic ability to collaborate effectively against aggressive norm violators (136). These points indicate that socially approved executions have been widespread since before H. sapiens. They can therefore be expected to have led to selection against aggressive tendencies. The inference that aggression among H. sapiens has declined as a result of selection is supported by comparisons with other species. Domesticated mammals that have been selected for reduced aggression tend to exhibit a suite of morphological, physiological, and cognitive characteristics unrelated to aggression (i.e., a domestication syndrome) (122, 140) . H. sapiens has been argued to exhibit many features of the domestication syndrome, including in morphology (e.g., craniofacial feminization) (106, 122) , behavior (e.g., play and food sharing) (125, 127) , life history (e.g., expanded developmental period) (141) , and cognition (e.g., cooperative communication) (120, 141) .
However, to date the execution hypothesis has treated aggression unimodally, which is problematic: The hypothesis argues that a propensity for aggression became down-regulated as a result of aggressors' being killed by capital punishment, yet those who carried out the killings were by definition exhibiting a high level of aggression. Fitness benefits that the killers received by executing aggressive victims would undermine selection against aggression.
The bimodal view of aggression readily solves the problem. Among hunter-gatherers and universally, aggression exhibited by the executioners is proactive: It is carefully planned so as to minimize the risk of a victim fighting back (127) . According to Boehm (127) the victims of capital punishment were frequently men with a history of aggression. When the victims had high propensities for reactive aggression, the long-term effect would be a reduction in reactive aggression. When the victims killed because of their proactive aggression, there would have been no long-term effect since executioners and victims were displaying similar tendencies.
Discussion
The idea that aggression consists of two main types has long been widely adopted in biology, psychology, and related social sciences, but it has been largely missing from discussions of the extent to which human propensities for aggression have evolved to be low or high. The omission is surprising since behavioral, neurophysiological, and genetic data richly justify the division of human aggression into proactive and reactive forms. However, much remains to be learned about the dichotomy, particularly with regard to proactive aggression.
The fact that the underlying neurobiology is understood less well for proactive than for reactive aggression is unfortunate because proactive aggression has large impacts on society. Premeditated attacks predominate in war, a significant proportion of within-group homicides is considered to be proactive [e.g., >25% in the United States (142)], and proactive aggressors are more predictably dangerous than reactive aggressors. No drugs are known that reduce tendencies for proactive aggression. The discovery of a rat model of proactive aggression should help advance work on such problems.
Among other consequences, further animal studies could help elucidate sex differences by extending research on proactive aggression to females. Whether sex differences in humans take different forms between proactive and reactive aggression appears to be unstudied. Levels of anger show no difference between men and women and there is little evidence of sex differences in reactive aggression when the conflict is mild, whereas in contexts risking serious physical harm males are more aggressive (2) . Proactive aggression has been predicted to be associated with equivalent or larger sex differences, consistent with the greater prevalence of psychopathy among males (143) . Sex differences in participation in aggression are also larger in between-group contexts, in both humans and chimpanzees, than they are in within-group contexts (2, 82) , again suggesting a relatively greater propensity for proactive aggression in males.
The hypothesis that humans have experienced a recently evolved reduction in the propensity for reactive aggression should be testable partly by an increased understanding of its genetic basis. For example, a mechanism proposed to be responsible for down-regulating reactive aggression is a reduction in the rate of neural crest cell production and migration (144, 145) . One test, therefore, is whether human neural crest cell biology exhibits similarities to patterns in domesticated animals. Preliminary evidence from genetic comparisons of H. sapiens with Neandertals and Denisovans supports that idea (146) .
Such evidence suggests that the bimodal view of aggression will be helpful not only in resolving an old debate about human nature but also in pointing the way toward new understandings of our evolution. The putative reduction in reactive aggression is closely tied to the concept of self-domestication, for which there is growing behavioral and cognitive evidence (122, 127, 141) . The selfdomestication hypothesis has been criticized on the grounds that some heterochronic differences between humans and apes are not, as expected, paedomorphic (147, 148) . For example, compared with chimpanzees and bonobos humans have accelerated, rather than delayed, development of social skills (147) , and the large size of the human brain is achieved by peramorphism, not paedomorphism (148) . Such critiques indicate that various evolutionary processes in addition to self-domestication are needed to explain the evolution of human traits over the last 6-8 million y. However, the hypothesis for human self-domestication based on morphological evidence refers to the evolution of H. sapiens from a mid-to late-Pleistocene Homo, rather than to the differences between H. sapiens and apes (106) . While comparisons between humans and apes show that selfdomestication may have played little part in the evolution of the genus Homo, they are silent on the role of self-domestication in the evolution of H. sapiens from its immediate ancestor.
Recognition that there are two main types of aggression provides an answer to the old question of whether humans are aggressive by nature. Humans have a high propensity for proactive aggression and a low propensity for reactive aggression. Appreciation of this point has both theoretical and practical implications. With regard to theory, the combination appears to be unusual among primates, so it should not surprise us to find that the suggested evolutionary dynamics depend on unique aspects of human ancestral adaptations. The imbalance-of-power hypothesis and the execution hypothesis discussed here will benefit from being tested against other ideas. With regard to practical applications, Weinshenker and Siegel (ref. 19, p. 243) noted that "the vast majority of studies that have been conducted in humans have concerned forms of aggressive behavior most closely linked with affective defense." More attention to proactive aggression is overdue.
